The human pS2 gene, whose expression is restricted to breast cancer cells, and whose transcription is induced by oestrogen in the human breast cancer cell line MCF-7, has been cloned from both placental and MCF-7 cell DNA. The exon-intron organization has been established by electron microscopy using genomic DNA-cDNA or -mRNA hybrid duplexes and by sequencing the exons and exon-intron junctions. The overall organization within and around the pS2 gene is the same in placental and MCF-7 cell DNA and the exonic sequences are identical to those previously determined from the cDNA. 
INTRODUCTION
Cells of the human breast adenocardnoma cell line MCF-7 (1) contain both oestrogen and progesterone receptors (2, 3), are fully transformed according to the criteria of immortalized growth and anchorage-independent proliferation in soft agar, require oestradiol for tumor formation in vivo (4) and exhibit growth-stimulation in response to oestradiol in vitro (5) . Exposure of these cells to oestrogen also results in the induction of certain mRNAs and proteins and secretory growth factors (for refs and reviews, see 6, 7). MCF-7 cells appear, therefore, ideally suited for the study of the molecular basis of steroid hormone regulation and as a model for hormoneresponsive tumors.
We have previously reported the Isolation of a cDNA clone, termed pS2, which corresponds to an raRNA species Induced by oestradiol-treatment of hormone-deprived MCF-7 cells (8) . Oestradiol (but not other steroid hormones such as progestins, glucocorticoids, or androgens) induces pS2-mRNA rapidly and directly at the transcriptional level via a mechanism which 1s independent of de novo synthesis of proteins (9) . Thus, amongst the various oestrogen-responsive genes described in the literature to date [the most well characterized examples being the chicken egg-white protein genes (for reviews and refs see 10, 11), prolactin gene (12), avian and Xenopus laevis vitellogenin genes ( The isolation and characterization of the pS2 gene from both the MCF-7 cell line and "normal" tissues 1s a prerequisite to Investigating the molecular mechanism of oestrogen action and the Interrelationship between genome organization, hormone Induction and the cancerous state. We describe here Southern blot analysis of the pS2 gene 1n MCF-7 cells and normal tissues, and the isolation and detailed characterization of genomic clones containing the pS2 cDNA sequences, Isolated from both the MCF-7 cell line and human placenta. We present the structural organization of the entire transcriptional unit of the pS2 gene determined by detailed restriction enzyme mapping, electron microscopic analysis and DNA sequencing of both 5' and 3' flanking regions, exons, and 1ntron/exon boundaries.
MATERIALS AND METHODS

DNA preparation
High molecular weight human DNA was Isolated from partially purified nuclei of MCF-7 cells, liver and placenta as follows It is also apparent from the data shown in Fig. 1 , that not only is the structural organisation of the pS2 gene conserved within liver, placenta and MCF-7 cells, but also the relative gene dosage appears to be the same, since the hybridisation signals were of similar intensity for these three DNAs. Thus, the pS2 gene has maintained its integrity in the MCF-7 cell line, despite the fact that these cells are known to be polyploid and to have undergone extensive chromosomal transiocations (35). However, the occurrence of transiocations encompassing the pS2 gene-containing Hindlll fragment in the MCF-7 cell line cannot be ruled out.
Z. Exon-intron organisation of the pSZ gene in genomic clones
Genomic banks enriched for pS2 DNA sequences of either MCF-7 cell or human placental origin, were established in XEMBL4 and Xcjt WES.Xc, respectively (Materials and Methods). A single phage clone (XpS2M) containing an 11.8 kb Bglll fragment M was isolated from the MCF-7 cell bank (Fig. 2) . This fragment was cloned in pBR322 to yield pS2M. Two phage clones containing EcoRI fragments of either 8.4 kb (XpS2Pl) or 2.7 kb (XpS2P2) were obtained from the human placental bank. These fragments are contiguous in the genome, and together comprise an 11.1 kb fragment P from which the E1-B6 (EcoRIBamHI) fragment was constructed in a pBR322-based recombinant called pS2P. Results obtained from fine restriction enzyme mapping of the Isolated clones were consistent with those obtained previously from Southern analysis of the endogenous pS2 gene, and did not reveal any differences between the clones from placental and MCF-7 cell origin.
The exon-1ntron organisation of the pS2 gene was Investigated by electron microscopic analysis of hybrids forraed between DNA fragments from isolated genomic clones and either the pS2 cDNA or mRNA. Fig. 3a shows a heteroduplex formed between the entire 11.1 kb genomic fragment P and a BamHI full-length cDNA fragment excised from pSVESl (17) which Illustrates that the pS2 gene contains three exons (1-3) split by two introns (A and B) . The sizes of the exons and introns determined by electron microscopy are indicated in Table 1 . Examination of R-loop hybrid structures resulting from hybridisation between MCF-7 poly(A) RNA and purified subcloned fragments from the 11.1 kb genomic fragment P, verified the exon-intron arrangement shown in Fig. 2 . Representative examples are shown which confirm the presence of two exons within the 2.7 kb E2-E3 EcoRI fragment (Fig. 3b) and a single exon within the 0.7 kb B3-B4 BamHI fragment (Fig. 3c) determined by electron microscopy. The sequence of the three exons was identical to that of the full-length cONA as previously determined (17) .
The nucleotide sequence of the 5'-flanking region of the pS2 gene was determined to -698 in the case of the MCF-7 genomic fragment M, and to -328 in the case of the placental genomic fragment P (Fig. 4) 
AJu family sequences within and upstream from the pSZ gene
Five repeated sequence (RS) elements present within the cloned pS2 gene region were Initially detected and mapped by Southern blot analysis of the pS2 genomic fragments M and P, employing total genomic DNA of either human placenta or MCF-7 cell origin as nick-translated probe (data not shown). The organisation of the RS elements 1n the genomic fragment P of placental origin, was found to be identical to that in the MCF-7 genomic fragment M. Three of these sequences (RSI, 2 and 3) are present in the 5' non-coding region of the pS2 gene, the remaining two (RS4 and 5) being located 1n intron A and B, respectively (Fig. 2) .
Cross-hybrid1sat1on studies were performed in order to determine the possible homology between individual RS elements. A Southern blot analysis was carried out with subcloned restriction fragments harbouring single RS elements as nick-translated probes. Under stringent hybridisation conditions, all five RS elements cross-hybridised (data not shown). 
